BACKGROUND: Leptin plays an important role in the control of food intake and body weight homeostasis. In humans, leptin is produced by adipocytes, placental cells and secretory cells of the mammary epithelium. Recently, it has been reported that stomach glands produce leptin in rats. OBJECTIVE: To test the expression of leptin protein in human stomach and localize, by immunocytochemistry, the speci®c cell type producing leptin. DESIGN: Endoscopic stomach biopsies of six patients were used to investigate leptin production in the fundic epithelium using reverse transcription polymerase chain reaction (RT-PCR) of RNA. Leptin protein was detected by immunoblot analysis and localized by immunohistochemistry and ultrastructural immunocytochemistry (immunogold method). RESULTS: Human gastric epithelium expresses leptin mRNA and leptin protein. The cells in the lower half of the stomach glands were immunoreactive for leptin. Ultrastructural immunocytochemistry showed leptin immunoreactivity in the pepsinogen granules of chief cells, but the granules of a speci®c endocrine cell type in the basal portion of the glands were also positive. CONCLUSIONS: Our results suggest that gastric leptin could function in the short-term system to control feeding behaviour and is probably secreted in the stomach lumen by chief cells and into the stomach circulation by a special type of endocrine cell.
Introduction
The hormone leptin, produced by adipocytes, 1,2 plays an important role in signaling the individual's nutritional status during periods of food deprivation and in the prevention of obesity. 3 Genetic defects inducing the absence of the hormone determine in mice 1 and man 4, 5 early-onset morbid obesity, which can be treated by chronic administration of the hormone. 6, 7 In man, leptin is produced by adipocytes, placental cells and secretory cells of the mammary epithelium. 8 ± 11 A recent report has shown that rat stomach is also a source of leptin, and that food or CCK-8 administration induces leptin secretion. 12 This ®nding is in line with the enhanced effect of gastrointestinal satiety factors observed in the presence of leptin, 13 and suggests a role for this hormone in the short-term regulation of food intake.
We present data on leptin production and localization in the endoscopic stomach biopsies of ®ve lean and one obese patient. Leptin production in the fundic epithelium was investigated by reverse transcription polymerase chain reaction (RT-PCR) and Western blot analysis, and localized by immunohistochemistry and ultrastructural immunocytochemistry.
Patients and methods

Patients
Five lean (four females and one male, BMI between 22 and 24 kgam 2 ) and one obese (male, BMI 32 kgam 2 ) patients were studied. The age of the patients was 43 AE 16 y. Four patients were recruited at Son Dureta Hospital, Palma de Mallorca (Spain) and two at the Endoscopy Service of the Internal Medicine Department, University of Verona (Italy). All patients underwent esophagogastroduodenoscopy after a 10 h fast as diagnostic screening for Helicobacter pylori infection for upper-abdominal pain. Biopsies of the gastric fundus were obtained with a biopsy forceps threaded through a ®beroptic video endoscope. Informed consent to collect two additional gastric biopsies for the study was obtained from all patients. The study protocol was approved by the ethical committees of both hospitals.
Methods
RT-PCR for leptin mRNA. Total mRNA was extracted by tripure 2 reagent (Boheringer Mannheim, Germany) from fundic biopsies of a non-obese patient. They were rapidly frozen in liquid nitrogen and stored at 780 C until processing. First-strand DNA was generated from 1 mg of total RNA using reverse transcriptase according to the Perkin Elmer procedure.
After sample denaturation at 94 C for 3 min, PCR was done for 40 cycles using the following parameters: 94 C for 1 min, 60 C for 1 min and 72 C for 2 min, on a GeneAmp PCR System 2400 (Perkin Elmer Applied Biosystems, Foster City, CA). The forward primer sequence was 5
H -TTCACACACG-CAGTCAGTCTCC-3 H and the reverse primer sequence was 5
H -ACAGAGTCCTGGATAAGGG-GTG-3 H (Genbank access no. U43653). The PCR product, whose expected size was 483 bp, was analyzed by electrophoresis in 1.5% agarose gel containing ethidium bromide.
Antibodies. Rabbit polyclonal antibody raised against the peptide corresponding to amino acids 137 ± 156 (COOH terminus) of the ob gene product (leptin) of human origin (A-20 lot. I 276; Santa Cruz Biotech, CA) was used as primary antibody.
Immunoblot for leptin. A pool of three fundic biopsies from three non-obese patients was homogenized at 4 C in 1:10 wav of phosphate-buffered saline (PBS: 137 mM NaCl, 2.7 mM KCl and 8 mM phosphate buffer, pH 7.4) in a Te¯onaglass homogenizer. The homogenate was centrifuged at 500 g for 5 min at 4 C and the supernatant was used for protein and leptin evaluation. Total protein content was measured by the method of Bradford. 14 Subsequently, 100, 200 and 300 mg of total protein were fractionated by SDS ± polyacrylamide gel electrophoresis (SDS-PAGE; 12.5% polyacrylamide) according to Laemmli, 15 and electrotransferred onto a PVDF membrane. After blocking, the membrane was incubated with primary rabbit polyclonal anti-leptin antibody, diluted 1:1000; then with the secondary biotinylated anti-rabbit IgG antibody, made in goat (Vector Laboratories, Burlingame, CA), diluted 1:1000 and ®nally with streptavidin biotinylated horseradish peroxidase complex (Amersham Life Science, UK), diluted 1:3000. The immune complexes were revealed using an enhanced chemiluminescence detection system (ECL plus, Amersham). Puri®ed murine leptin (PeproTech EC LTD, London, England) was used as positive control.
Immunohistochemistry and ultrastructural immunocytochemistry. Tissue specimens from the six human biopsies were ®xed by immersion in 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PB), pH 7.4. After washing in PB overnight, the samples were dehydrated in a graded series of ethanol and embedded either in paraf®n blocks for light microscopy and immunohistochemistry, or in LWR medium grade (London Resin Company Ltd, UK) for ultrastructural immunocytochemistry. For light immunohistochemistry, 3 mm sections were immunostained by means of the avidin-biotin technique. 16 Sections were incubated with primary rabbit polyclonal anti-leptin antibody (Santa Cruz, CA), diluted 1:2000 in PBS, then with the corresponding biotinylated anti-rabbit IgG secondary antibody, made in goat, diluted 1:200 (Vector) and ®nally with ABC complex (Vectastain ABC kit, Vector). Peroxidase activity was revealed by 0.075% 3 H ,3 H diaminobenzidine hydrochloride as chromogen (Sigma, St Louis, MO) in Tris buffer 0.05 M, pH 7.6. Sections were counterstained with hematoxylin and mounted in Eukitt (Kindler, Germany).
For the ultrastructural study, ultrathin sections were cut with an MT-X Ultramicrotome (RMC Microtomy and Cryobiology Products, AZ) and mounted on 300 nickel-mesh grids. Sections were ®rst exposed to 3% normal goat serum in PBS for 20 min at room temperature and then incubated with polyclonal rabbit anti-leptin antibody diluted 1:50 in PBS containing 1% bovine serum albumin (BSA), overnight at 4 C. After washing with PBS, sections were incubated with Method speci®city was tested (a) by omitting the primary antibody in the immunostaining procedures, and (b) by incubating sections with the antiserum saturated with the homologous antigen. For the latter procedure, the antibody had been incubated with a 10-fold excess concentration of the homologous peptide (1 mgaml) for 48 h (adsorption test).
Antibody speci®city was tested by demostration of leptin antigen in several human and murine tissues: white adipose tissue, epithelial cells of mammary glands and placenta were used as positive controls and liver, lung and kidney as negative controls.
Results
RT-PCR analysis and Western blot
The single band obtained by RT-PCR of leptin mRNA from a stomach sample of a non-obese patient is shown in Figure 1a . This band corresponded to the size of the expected ampli®cation product (483 bp). A band for leptin protein was detected by Western blot analysis (Figure 1b) in the same position as those obtained using 5, 25 and 50 ng puri®ed leptin (16 kDa) with 100, 200 and 300 mg of protein obtained from the stomach homogenate. A second immunoreactive band was also observed which could correspond to the 19 kDa leptin precursor previously described in rat stomach. 12 
Immunohistochemistry
The lower half of the stomach glands stained positive for leptin in the biopsies of all patients (Figure 2a and c). One patient had broken his fast and had standard breakfast 1 h before biopsy without informing the physician. There were leftovers in the stomach lumen and the chief cells from this biopsy stained less intensely (Figure 2b and d) .
Leptin antibody stained white adipose tissue adipocytes, the epithelial cells of mammary gland alveoli, and placental syncytiotrophoblast cells, while all the cellular elements of liver, lung and kidney were negative in both human and murine organs (not shown). 
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The addition of 1 mgaml leptin in all the positive tests (adsorption test) gave negative results (Figure 2e ).
Immunoelectronmicroscopy
Leptin-gold particles were localized in the electrondense regions of the secretory granules of all chief cells (Figure 3) . These granules had the ultrastructure of pepsinogen granules. 17, 18 No differences were noted between the non-obese subjects and the obese patient.
Some endocrine cells exhibiting a distinctive morphology in the basal portion of the gland also showed secretory granules labeled with many leptin-gold particles. These cells contained dense, round secretory granules about 140 ± 200 nm in diameter, preferentially grouped in the basal portion of the cell ( Figure  4 ). Other endocrine cell types with distinctive ultrastructural features, corresponding to those described for G, D, D 1 and ECL cells, 19, 20 were negative.
Discussion
The present results con®rm that the human stomach is a source of leptin 12 and demostrate that in man leptin is localized in the granules of chief cells and in those of a special type of endocrine cell. Western blot analysis showed the presence of a 16 kDa band corresponding to leptin and a 19 kDa band that could represent a leptin precursor, as already shown in rat stomach. 12 This is consistent with the hypothesis that leptin is secreted in the stomach lumen together with pepsinogen. A special isoform of the secreted leptin could account for its resistance to digestion and its reaction with the leptin receptor. It has recently been shown that the intestinal epithelium expresses the functional receptor for leptin. 21 Leptin levels in human stomach seem to be noteworthy when comparing the obtained western blot bands with those obtained with puri®ed leptin. However a direct comparison with levels previously found in rat stomach 12 cannot be made because of methodological differences. Furthermore, stomach samples from rats fasted for the same period of time gave a much weaker immunohistochemical signal (not shown). Altogether, our data suggest that leptin has a larger role in human than in rat stomach. Our ultrastructural immunocytochemical study suggests that stomach leptin may perform two separate functions in man, since it is located in both exocrine and endocrine Leptin localization in human stomach S Cinti et al secretory granules. The presence of leptin in endocrine cells is in agreement with the increase in leptinzemia in rat stomach blood vessels after CCK-8 injection or food intake. 12 The observation of lower levels of leptin immunostaining in the patient that was under postprandial conditions than in the ®ve fasted patients is in agreement with a likely functional response of human stomach leptin to food intake. This observation is potentially interesting, but needs to be con®rmed with further studies with more patients under postprandial conditions. The ultrastructure of the endocrine cell type containing gold-leptin particles suggests that it corresponds to the cell type described as P cell. 20, 22 Interestingly, it has recently been shown that leptin interacts synergically with other short-term satiety peptides. 13 We did not ®nd PP, A or X cells (A and X are rare in man) in our samples, therefore we cannot exclude that also these cells show leptin reactivity.
Altogether, these data strongly argue for a role of leptin also related to the acute phase of food intake. Further work is needed better to investigate in man the biochemical characteristics of the leptin secreted, to evaluate the amount of protein stored and secreted, and to characterize the endocrine cell type containing the hormone.
